Introduction
A lcohol use is one of the leading preventable causes of premature death and disease. Worldwide, 2.3 million premature deaths and 3.4% of disability-adjusted life years (DALYs) were attributable to alcohol use in 2015. 1 In Sweden, 2.6% of DALYs were due to alcohol, 1 and the prevalence of hazardous and harmful alcohol use was estimated to 15% in 2015. 2 Furthermore, hazardous alcohol use leads to a substantial economic burden to the society. 3 Hazardous alcohol use refers to consumption patterns that increase the risk of adverse health consequences, while harmful use is defined as a behaviour already causing damage to health. Average consumption is one quantitative measure of hazardous and harmful use. Another aspect includes episodes of heavy drinking, which in itself convey important health consequences. 4 To date, there is no universal consensus about which thresholds in these measures mark the transition between hazardous and non-hazardous alcohol use, with consequent heterogeneity in this definition between studies.
During the last decade's research has shifted its focus from alcohol dependence to the continuum from low risk to hazardous use. 5 Along this pathway, the transition from hazardous and harmful to nonhazardous use is poorly understood. In fact, there is limited knowledge on the extent to which this behaviour naturally recedes over the lifetime. 6, 7 Spontaneous recovery seems frequent, but the success rate depends on the definition of the alcohol problem, and of recovery, as well as on the timespan. 8, 9 A better understanding of which factors promote a reduction of alcohol use is needed to design effective interventions, ultimately leading to a reduction of harm at the societal level.
Previous studies mainly addressed demographics (e.g. sex, age, education) as predictors for change in hazardous alcohol use and recovery. [9] [10] [11] A few studies described the co-occurrence of unfavourable health behaviours among hazardous drinkers, 12 but whether and how changes in health behaviours are associated with changes in hazardous alcohol use longitudinally is poorly understood, particularly in Sweden.
Unfavourable health behaviours tend to cluster, 13 leading to elevated risks of comorbidities.
14 Thus, intervention strategies targeting associated health behaviours may prove of utmost importance.
The aim of this study was 2-fold:
(i) to describe cumulative incidence of the transition from hazardous to non-hazardous alcohol use in a population sample of Swedish adults, and
(ii) to examine whether modifiable health behaviours, i.e. smoking, other tobacco use, physical activity and dietary habits predict quitting the hazardous use of alcohol.
We hypothesized that holding favourable health behaviours or changing from unhealthy to healthier behaviours (e.g. smoking cessation, increasing physical activity), predicts the transition from hazardous to low-risk alcohol use.
Methods

Study design and participants
Details on the study design and collection of information in the Stockholm Public Health Cohort (SPHC) have been reported by Svensson et al. 15 Briefly, SPHC is a prospective study, which has enrolled sub-cohorts in 2002, 2006 and 2010. Each of the subcohorts were followed every 4th year until 2014. The initial samples were randomly selected from the general population of Stockholm County stratified by the municipality, and each included about 50 000 residents 18 years of age or older. The response rate was 62%, 61% and 56% in the sub-cohorts 2002, 2006 and 2010, respectively. 15 Participants gave informed consent at inception. Additional consent to national register linkage and participation in longitudinal data collection for the 2002 sub-cohort was obtained in 2006, which led to the effective recruitment of 47% of the baseline sample (n = 23 771). Due to considerable modifications of the questionnaire in 2006, we did not include information from the follow-up or the sub-cohort in this year. Overall, SPHC responders were more likely to be female, over 45 years of age, born in Sweden and to have higher education and income than the average of the population reported in the Stockholm census data. 
Measurements
Usual weekly alcohol consumption
In the 2002 sub-cohort, self-reported usual consumption of alcoholic beverages (spirits, fortified wines, wine, alcopop or cider, mediumstrong beer and strong beer) was collected with reference to a standard week during the past year. 16 Usual weekly alcohol consumption (UWAC) was measured in centilitres, exemplified as glasses and bottles or cans (2002) and in numbers of standard drinks (2010, 2014) ; after that, a measure of grams of pure ethanol per week was derived. UWAC was dichotomized into non-hazardous or hazardous use based on commonly used cut-offs in Sweden, i.e. a weekly consumption of >108 gram (>9 standard drinks) for women and >168 gram (>14 standard drinks) for men. 17 In this sub-cohort, quitting hazardous alcohol use was defined as 'reporting consumption below the cut-off in two consecutive followup surveys (2010 and 2014)'.
Heavy occasional alcohol consumption
In the 2010 sub-cohort, heavy occasional alcohol consumption (HOAC) was measured by events of drinking alcohol equivalent to five standard glasses (1 bottle of wine; 5 shots of spirits; 4 cans of strong beer; 6 cans of medium-strong beer), in the past year. 18 HOAC was dichotomized to non-hazardous (less than monthly) and hazardous (at least monthly frequency of HOAC).
In this sub-cohort, quitting hazardous alcohol use was defined as 'reporting a frequency of heavy consumption less than monthly in 2014'.
Health behaviours
Two similar questions were used to measure current daily tobacco use, 'Do you currently smoke daily or almost daily' and 'Do you currently use snus (the Swedish type of moist oral snuff) daily or almost daily?' 19 Daily tobacco use was derived from these two separate questions, as any daily use of either cigarettes or snus. Quitting tobacco use was defined as a switch from daily to non-current daily use at follow-up.
Usual frequency of fruit consumption during the past year was used to derive an indicator of favourable eating patterns. In the 2002 survey, sufficient consumption was defined by the response alternative 'nearly daily or more frequently'. Following a modification of the survey question in 2010, sufficient consumption was defined by the alternative '6 times per week or more'. Following a modification of the survey question in 2010, 20 daily consumption was defined by the alternative '6 times per week or more'. A switch from less than daily to daily consumption of fruit at follow-up was categorized as a favourable change.
Physical activity was assessed as the usual level of leisure time physical activity during the past year. In the 2002 sub-cohort, sufficient leisure time physical activity was defined as 'regular physical activity 1-2 times per week at a moderate level'. In the 2010 and 2014 surveys, the question and response alternatives were rephrased to include several domains. 21 Therefore, in the 2010 sub-cohort, we chose the response alternative '2-3 h of exercise per week' as the threshold for sufficient physical activity, in line with the current recommendations of a minimum of 150 min per week of moderate to intense physical activity. 22 A switch from insufficient to sufficient levels of physical activity at follow-up was categorized as a favourable change.
In the 2002 sub-cohort, behavioural changes were assessed in 2010, while in the 2010 sub-cohort they were assessed in 2014.
Sociodemographic characteristics
Employment and house-hold composition were based on self-reports while age, sex, education and country of birth were based on register data. Employment was derived from the question 'What is your current employment status?' Answers were coded as 'employed' (employed, self-employed, students and parental leave) or 'not employed' (longterm sick leave, age pension, disability pension, unemployed and others). House-hold composition was based on the question 'Whom do you share a house-hold with?' Answers were coded as 'cohabitation' (living with any other adult or child) or 'living alone'. Education was grouped into three levels: 'low' (compulsory school and vocational training), 'intermediate' (secondary school) and 'high' (university studies). Self-rated health was assessed by the question 'In general, how would you rate your health?' Answers were coded as 'good health' (response alternatives good and excellent), 'fair health' (fair) and 'poor health' (bad or very bad). 23 
Statistical analysis
Univariate analysis was conducted to compare baseline sociodemographic characteristics and health behaviours between hazardous alcohol consumers who did or did not change drinking pattern at follow-up. The departure of the observed from the expected proportions was explored using the chi-square statistic.
Binary logistic regression was used to calculate Odds Ratios (OR) and the corresponding 95% Confidence Intervals (CI) of quitting hazardous alcohol use (outcome variable in this study).
We conducted two sets of analyzes. First, baseline values of each health behaviour were regressed on the outcome. Second, favourable modifications of health behaviours, e.g. quitting tobacco use were modelled as predictors of quitting hazardous alcohol use. These latter analyzes were restricted to hazardous drinkers with unfavourable health behaviours at baseline. The results are presented with and without adjustments for potential confounders. These were selected based on prior explanatory models of behavioural change (i.e. age, sex, education, employment, cohabitation status and self-rated health at baseline), and were kept in the final model only if significantly associated with the outcome.
The conventional significance level was set at P < 0.05. Data analysis was performed using STATA 14.1.
Results
Hazardous alcohol consumers retained at follow-up, were more likely to be female, born in Sweden, older, have higher education and be non-smokers at baseline than non-responders (data not shown). Also, participants tended to have a slightly lower intake of alcohol at baseline (UWAC) compared to non-participants, while no difference were seen for HOAC. Missing information did not exceed five percent for all variables used in the analysis. Table 1 shows the distribution of characteristics of the two subcohorts according to changes in drinking patterns. The probability of sustained change, i.e. record of non-hazardous alcohol use at 8 and 12 years follow-up was 28. 3% (sub-cohort 2002) . The probability of having quit hazardous use at 4 years follow-up was 35.9%
Age and sex were associated with quitting hazardous use of alcohol defined by UWAC or HOAC. Cohabitation was associated with quitting hazardous UWAC while education was associated with quitting hazardous HOAC. Employment and self-rated health were not significantly associated with any outcome measure. Table 2 shows the association between health behaviours at baseline and quitting hazardous alcohol use at follow-up. A beneficial profile in each of the four health behaviours was significantly associated with quitting hazardous alcohol use at follow-up, both before and after adjustment for demographic factors. Table 3 displays the association between changes from unfavourable to favourable health behaviours and quitting hazardous alcohol use. Favourable changes in health behaviours were associated with quitting hazardous alcohol use, as was the hypothesized direction, albeit statistical significance was only attained for increased consumption of fruit and for quitting tobacco (2010 sub-cohort). The results were practically unchanged after adjustment for potential confounders.
Discussion
In this longitudinal study with a relatively long follow-up, favourable health behaviours at baseline were associated with quitting hazardous alcohol use. These associations were robust to any definition of hazardous alcohol use as well as to the length of follow-up. In addition, sociodemographic characteristics and selfrated health of the hazardous drinkers did not appear to explain the associations. Moreover, favourable changes in dietary habits seemed to predict the transition from hazardous to non-hazardous alcohol use. The same pattern was discernible for quitting daily tobacco use, although the limited sample sizes hampered the precision of the results.
The association between use of tobacco and quitting the hazardous use of alcohol is in line with previous findings of decreased alcohol use or abstention following smoking cessation. 10, 24 Smoking has also been related to increased alcohol use among Finnish adults in a prospective longitudinal study. 25 Novel from the current study is the finding that use of the Swedish smokeless tobacco, i.e. snus, seems to be associated with hazardous alcohol use to the same extent as smoking. This is in line with previous crosssectional analyzes of the SPHC, indicating average high alcohol consumption among snus users. 26 Further, snus use was associated with an increased risk of alcohol dependence in a large prospective cohort study. 27 Therefore, it seems likely that hazardous alcohol users with the concurrent daily use of tobacco constitute a risk group for the maintenance of the alcohol drinking profile.
Daily fruit intake as an indicator of a healthy eating pattern was the only behaviour consistently associated with quitting hazardous alcohol use. Cross-sectional studies have suggested a decline in total dietary quality and fruit intake following increased alcohol consumption. 28, 29 In a Finnish study, being a male moderate drinker was associated with low intake of fruits while being a heavy drinker was associated with overall poor dietary quality. 30 To our knowledge, change of diet and associated change of hazardous alcohol use have not been studied in longitudinal samples. Considering fruit intake as the only proxy for dietary habits is certainly a limitation of this study, but it sheds light on an association that warrants further investigation.
At present, findings on the relationship between physical activity and alcohol use are contradictory and rest mainly on cross-sectional studies. Some studies found an association between increased alcohol consumption and increased physical activity, 31, 32 while others found a curvilinear pattern with increased physical activity among moderate drinkers 33 or associations of both sedentary behaviour and high physical activity levels with higher levels of drinking. 34 Despite the relatively large amount of publications, we were not able to identify studies relating physical activity to spontaneously quitting the hazardous use of alcohol. DeRuiter et al. found the change in physical activity and change in alcohol consumption not to be associated, 35 but the sample in this study was not restricted to hazardous alcohol users. Our results on physical activity are somewhat conflicting. On the one side, we found that physically active individuals at baseline were more likely to quit hazardous alcohol use, although this association was weaker than for other health behaviours. On the other side, changes to favourable physical activity patterns suggested rather a negative impact on the change of hazardous alcohol use. Potential explanations include misclassification, selection, reverse causality or chance. Therefore, the relation of physical activity and hazardous alcohol use needs further analyzes that are more refined. Table 1 Characteristics of participants with hazardous alcohol use at baseline who were followed until 2014, using two definitions of hazardous alcohol use, UWAC and HOAC In this study, adopting beneficial behaviour concerning diet and quitting daily tobacco use was predictive of quitting the hazardous use of alcohol. This pattern is in line with theories of behavioural change that posit that any positive lifestyle modification may foster new values and norms; raise self-efficacy, i.e. confidence in one's abilities to achieve behavioural goals; introduce skill training and resistance training, and finally promote intention to change and motivation enhancement. 36 Accordingly, empirical findings support the possibility of favourable results in interventions targeting multiple behaviours. For instance, a meta-analysis reported that adding smoking cessation to alcohol treatment interventions enhanced the long-term effect on sobriety. 37 Based on the results of the current study it can be hypothesized that interventions including multiple behavioural modifications may achieve better results even in the subgroup of hazardous drinkers. Additionally, greater impact on public health can be expected from actions targeting multiple-behaviours. 38 Because no agreement exists on the sequence of interventions for coexisting health behaviours, 12 this topic should be addressed in future studies.
This study had several strengths. First, the prospective design enrolling a large population-based sample. Second, the follow-up period was long, extending over more than a decade, thus allowing the study of long-term modification of hazardous alcohol use. Third, the consistency of the results obtained with two different measures of hazardous use renders them more reliable, as these measures reflect different patterns of hazardous alcohol consumption. 39 Heavy occasional drinking per se is associated with health risks 4 and is usually neglected if subjects are asked to report their average consumption. 40 Limitations of the study include a selection of respondents at baseline and attrition at follow-up. In fact, attrition was highest among the most socially disadvantaged groups that also are more likely to present unfavourable health behaviours. This selection may have resulted in a loss of statistical power and an attenuation of the associations under study, since we do not have reasons to assume that the direction of the association between health behaviours and alcohol use would be different among those retained and non-retained at follow-up. In total, this bias might impact the findings primarily by reduced study efficiency and limited generalizability.
A second limitation is the different way questions on physical activity and diet were asked in 2002 and 2010. This alteration might have led to different classifications of change in physical activity and diet in the two sub-cohorts. The cut-off used to define sufficient physical activity was higher in 2010 than 2002, i.e.
we strived to achieve high specificity for behavioural change at the expense of sensitivity. Again, these methodologic shortcomings possibly led to non-differential misclassification of the predictor and diluted the associations under investigation. However, since the magnitude of the association was similar in both samples, this bias is likely to be of a modest entity if any. A third limitation is the low reliability of self-reports, a common feature of studies including measures of health behaviours. However, questions on alcohol use were constructed according to good methodological practices including reference period, beverage-specific consumption, quantity and frequency and additionally a question of frequency of heavy drinking. 39 Fourth, we might have underestimated hazardous use among women by using the common cut-off of five standard glasses on a single occasion for HOAC, while lately, sex-specific measures detecting corresponding blood concentration in men and women suggested a limit of four standard glasses for women. 40 
Conclusion
A high proportion of hazardous alcohol users may spontaneously quit hazardous alcohol consumption, indicating favourable transitional patterns among these drinkers. Favourable health behaviours at baseline and their positive changes over time may predict changes of alcohol patterns in the desirable direction, thus suggesting the possibility to achieve concurrent behavioural modification in several domains. ORs and 95% CIs of quitting hazardous alcohol use according to shift in health behaviours between baseline and follow-up.
